The Harvard community has made this article openly available. Please share how this access benefits you. Your story matters Citation Xu, Cenke and Subir Sachdev. 2008. The new iron age. Nature Physics 4, no. 12: 898-900.
coupling and the 'crystal field' splitting, the lattice-potential-induced energy splitting between the d-orbitals. Thus, a multi-band approach is likely to be needed. This has indeed been seen in comparisons between a multi-band analogue of the Hubbard model used to describe the cuprates and calculations using the local-density approximation (LDA) to density-functional theory -a benchmark computational method for band-structure calculations. Numerical results obtained from LDA-based computations have so far agreed qualitatively with results 5 obtained from Fermi surface characterization using angle-resolved photoemission spectroscopy (ARPES).
To correspondingly reproduce the correct topology and the wave function components at the Fermi level using a multi-band analogue to the Hubbard model, at least four dbands are needed 6 . Consequently, for an accurate description of the iron-based superconductors, we have to move from a 'simple' one-band Hubbard model to at least a four-band Hubbard-like model.
A central question, however, is whether the LDA-like physics of weakly interacting electron bands provides a suitable starting point for understanding the phenomenology of the iron-based superconductors, or whether the local correlations have to be taken carefully into account in an extended Hubbard model. In the cuprates, the undoped parent compounds are Mott insulators -carriers are localized due to strong on-site coulomb repulsions. This is naturally accounted for in the Hubbard model description, and is beyond the capability of LDA. In addition, doped Hubbard models seem a fairly convincing route towards a mechanism for high-temperature superconductivity, and the variety of competing spin and charge orders that have been observed in the doped cuprates. On the other hand, the recent claims 7 of electron pockets in holedoped cuprates in a 60 T magnetic field, if proved correct, suggest that correlations may not be as strong as previously thought: such electron pockets are more naturally described in a theory of metallic electron bands 8 in the presence of magnetic order induced by the field 9 . Thus it may well be that the correlations in the Mott insulator are crucial in inducing the competing spin order, but that the Fermi surface configurations are amenable to a LDA-like theory of electron bands in the presence of this order.
In contrast to the cuprates, in the iron-based superconductors the undoped parent compounds are not Mott insulators, thus suggesting that correlations are not as strong as in the cuprates. However, magnetic order has been observed 10 , as we will discuss below, and can easily be understood in the context of a strong-correlation Hubbard model. Also, the traditional BCS theory based on electron-phonon coupling is believed to be incapable of inducing such a high transition temperature in these compounds 11 , therefore the coulomb interactions should be carefully taken into account.
Based on all of these observations the most likely scenario is that, for the iron-based superconductors, we are in an intermediate coupling regime -one in which kinetic and interaction energies are comparable -where computations are most difficult and simple physical pictures are likely to be inadequate. As now seems to be the case for the cuprates, it is probable that the data from different experimental probes will require complementary theories using weak-or strong-coupling strategies to unravel the physics. Adding to these considerations is the complexity related to the multi-band approach that is needed for an accurate microscopic description of the physics of the iron-based superconductors. It is clear that we are faced with a problem that will stretch the limitations of our mathematical and computational tools.
But the difficulty of understanding the microscopic theory of the iron-based superconductors should not hinder us from understanding their phenomenology, which is anyway more directly relevant to future applications based on these materials. Let us for a moment go back to that condensed-matter physicist in the Although measurements on different compounds have revealed discrepancies with regard to the pairing symmetry, the results do share one common signature: in the non-superconducting parent compound, a lattice distortion accompanied by a spin density wave (SDW) -a periodic spatial modulation of spins -occurs at wavevectors (π, 0) or (0, π) in the low temperature regime 10 (represented by the blue and green lines in the phase diagram, Fig. 1 ). Both the lattice distortion and the SDW are suppressed and eventually destroyed by increased doping and/or pressure 16 (Fig.   1 ). At these particular wavevectors, an accurate theoretical description of the phenomenology needs to take into account first-and second-nearest-neighbour antiferromagnetic exchange interactions [fine] between the Fe ions 17 in the FeAs layer.
Interestingly, there seems to be a difference in the characteristics [fine] of these signatures between the '1111' and '122' families of the iron-based superconductors.
In the 1111 compounds, the lattice distortion and the SDW occur at two different transition temperatures 18 , but still quite close together in the phase diagram. In the 122 compounds, on the other hand, the two signatures occur at the same transition temperature, accompanied by a finite jump in crystal structure's lattice constants 19, 20 .
To account for the different behaviour between the 1111 and 122 compounds, we and other authors have proposed a unified theory of the lattice distortion and SDW, which attributes the lattice distortion to an Ising order parameter defined purely magnetically 21, 22 . Because the lattice distortion and SDW are strongly correlated, if they occur at the same transition temperature it implies a first-order nature for the phase .This unified understanding of magnetism and lattice distortion is based only on the symmetry of the system, and is hence independent of the microscopic model.
However, other mysteries remain. As we mentioned before, the Fe 2+ ion has 6 electrons in the 3d orbitals, which means that the total spin of one Fe ion is either 1 or 2. However, the SDW magnetic moment in 1111 samples is only about 0.3 Bohr magnetons 10 . Clearly the magnetism cannot be fully understood in a strong correlation model, and the challenge remains to understand the consequences of the metallic electrons.
Many other interesting questions about these compounds have been raised, and efforts have been made to answer them. For instance, do the spin density wave and superconductivity compete strongly with each other, or can they coexist? Is there a pseudogap phase above the superconducting state of these materials, as there is in the cuprates? Exploring all of these mysteries surrounding the iron-based superconductors will help in understanding the interplay between kinetic and interaction energy in condensed-matter physics in general, and perhaps lead us into a new iron age. 
